Abstract. Fisetin (3, 3', 4', has been reported to possess certain anticancer properties. It may inhibit tumor cell proliferation, metastasis and induce apoptosis. However, the effects of fisetin in preventing the metastasis of nasopharyngeal carcinoma (NPC) cells remain to be determined. The epithelial-mesenchymal transition (EMT) is involved in several metastatic malignancies including NPC. It has been reported that the Epstein-Barr virus latent membrane protein-1 (LMP1) induced EMT and is associated with the metastasis of NPC. The aim of this study was to examine the effects of fisetin in preventing the migration and invasion of LMP1-expressing NPC cells (CNE1-LMP1 cells), as well as to investigate whether fisetin may inhibit the molecular changes associated with EMT induced by LMP1. The investigation demonstrated that fisetin suppressed the migration and invasion of CNE1-LMP1 cells under non-cytotoxic concentrations. Fisetin inhibited molecular changes associated with EMT induced by LMP1, upregulated the epithelial marker, E-cadherin protein, and downregulated the mesenchymal marker, vimentin protein, levels. Fisetin also significantly reduced the levels of Twist protein, an EMT regulator. The investigation suggested that fisetin inhibits the migration and invasion of LMP1-positive NPC cells, and the molecular mechanism involves fisetin reversing the EMT induced by LMP1 and downregulates the expression of Twist. This study indicated that fisetin serves as a potential candidate for the treatment of cancer metastasis.
Introduction
Epstein-Barr virus (EBV)-associated nasopharyngeal carcinoma (NPC) is distinctive among head-and-neck cancers due to its undifferentiated histopathology and metastatic character. Latent membrane protein-1 (LMP1) is the principal EBV oncoprotein. NPCs with a high level of LMP1 expression are reported to exhibit an increased tendency toward metastasis compared with those with lower levels of LMP1 expression (1) (2) (3) (4) . It has been demonstrated that the epithelial-mesenchymal transition (EMT) is induced by LMP1 and is associated with metastatic NPC (5) .
The EMT is a process whereby epithelial cells lose their cell-cell contacts and undergo remodelling of the cytoskeleton, thus resulting in a migratory phenotype. The EMT plays a role in several metastatic malignancies including NPC (6) . The expression of epithelial marker proteins, such as E-cadherin and keratin, are downregulated, while the expression of mesenchymal markers such as vimentin, fibronectin and N-calcium mucin are upregulated following EMT. Twist is known as a prominent repressor of E-cadherin and regulator of EMT (7) . The ectopic expression of Twist results in the loss of E-cadherin-mediated cell-cell adhesion, the activation of mesenchymal markers, and the induction of cell motility, which suggests that Twist contributes to the metastasis of tumor cells promoting EMT (8) (9) (10) (11) .
Fisetin (3,3',4 ',7-tetrahydroxyflavone) is a flavonoid found in fruits and vegetables. Fisetin has been reported to possess certain anticancer properties. It may inhibit the proliferation and metastasis of tumor cells and induce apoptosis in pancreatic, bladder and cervical cancer cells (12) (13) (14) , and suppresses the growth of prostate cancer cells in nude mice (15) . These results suggested the potential use of fisetin as a chemotherapeutic reagent in cancer therapy. However, the effects of fisetin in preventing the metastasis of NPC cells remain to be determined.
In this study, we examined the effects of fisetin on the metastasis and invasion of LMP1-positive NPC cells (CNE1-LMP1), and investigated whether fisetin was capable of reversing the molecular changes associated with EMT induced by LMP1 in CNE1-LMP1 cells. supplemented with 10% FBS and penicillin (100 U/ml) and streptomycin (10 µg/ml). CNE1-LMP1 cells were cultured in a similar medium containing 0.5 µg/ml puromycin. Cells were grown at 37˚C in a humidified atmosphere of 5% CO 2 and 95% air.
Materials and methods

Materials
Cell viability assay. The effect of fisetin on cell viability was assessed using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide cell viability assay. Exponentially growing CNE1 and CNE1-LMP1 cells were seeded at 8x10 3 cells per well in 96-well culture plates, cultured for 12 h and then treated with a series of concentrations (6.25, 12.5, 25, 50 and 100 µM) of fisetin dissolved in DMSO. Blank control cells were treated with DMSO alone. Incubation was performed at 37˚C for 48 h. MTT solution was added to each well (1.0 mg/ml) and incubated for 4 h. The MTT-formazan product was dissolved in DMSO and the absorbance was measured at 490 nm using an ELISA plate reader. Inhibitory effects were assessed using the growth inhibition rate and 50% growth inhibition concentration (IC 50 ) values.
Cell invasion and motility assay. To study the invasive ability of tumor cells, we performed an in vitro invasion assay using a Matrigel invasion chamber. Polycarbonate membranes with a pore size of 8 µm were coated with Matrigel (10 µg/cm 2 ) and incubated overnight. CNE1 and CNE1-LMP1 cells were treated with fisetin (0, 12.5, 25 and 50 µM) for 48 h, then 5x10 5 cells in RPMI-1640, supplemented with 1% BSA were placed in the upper chamber. The bottom chamber contained RPMI-1640 medium supplemented with 10% FBS which was used as a chemoattractant. The cells were incubated for a further 24 h, after which the inserted membranes were fixed for 20 min in 4% paraformaldehyde and stained with eosin. Subsequently. the membranes were washed with PBS and removed from the inserts. Cells on the upper surface of the membrane were scraped with a cotton swab and the membranes were mounted using glycerol. Invaded cells on the lower surfaces of the membranes were counted within five representative fields in triplicate inserts. A transwell motility assay was performed as described above for the Matrigel invasion chamber, with the exception that the transwell insert was not coated with Matrigel.
Immunofluorescent staining. At the time of harvest, CEN1 or CEN1-LMP1 cells were seeded onto coverslips, subsequently the cells were treated with fisetin (0, 12.5, 25 and 50 µM) for 48 h. CEN1 and CEN1-LAMP1 cells were washed three times with PBS, fixed in 1:1 acetone/methanol for 5 min, and the cells were incubated overnight with the primary antibodies (E-cadherin, vimentin, Twist, 1:100) at 4˚C. The cells were then incubated with FITC-conjugated secondary antibodies or with RITC-conjugated secondary antibodies (1:100) for 45 min. Images of the antigenic sites were captured using a laser scanning confocal microscope.
Western blot analysis. CNE1 and CNE-LMP1 cells were treated with fisetin (0, 12.5, 25 and 50 µM) for 48 h. The cells were washed twice with ice-cold PBS and lysed in cold lysis buffer. Lysates were incubated for 20 min on ice and centrifuged at 12,000 x g for 15 min, after which time the supernatant was collected. The protein was electrophoresed using sodium dodecyl sulfate polyacrylamide gel electrophoresis and subsequently transferred onto polyvinylidene fluoride membranes. The membranes were blocked with 50 g/l non-fat, dried milk in PBST (PBS supplemented with 0.5 ml/l Tween-20) for 2 h at room temperature and then they were respectively incubated overnight at 4˚C with the primary antibodies against human E-cadherin (1:400), vimentin (1:400) or Twist (1:400), followed by incubation with HRP-conjugated secondary antibodies at room temperature for 1 h. Enhanced chemiluminescence (ECL) was used to detect the results.
Statistical analysis. The statistical analysis was performed with SPSS 13.0 (SPPS Inc., Chicago, IL, USA). Data were expressed as the means ± SD. For the analysis of differences Table I . Inhibitory effect of fisetin on cell growth. between two groups, the Student's t-test was performed. For multiple groups, ANOVA was performed followed by the Student-Newman-Keuls test. P<0.05 was considered to indicate a statistically significant difference.
Results
Fisetin inhibited cell growth. The MTT cell viability assay was performed after the CNE-LMP1 and CEN1 cells were treated 
Fisetin inhibited CNE1-LMP1 cell invasion and motility.
Matrigel-coated chambers were used to measure the effect of fisetin on cell invasion. The results demonstrated that invaded CNE1-LMP1 cells decreased dose-dependently following pretreatment with fisetin (Fig. 1A) . Compared with the DMSO control, the number of invaded CNE1-LMP1 cells was decreased 5.6-fold following pretreatment with 50 µM fisetin (Fig. 1B) . In order to detect the effect of fisetin on cell motility, we performed a transwell motility assay. A similar effect was observed for the motility assay. The number of CNE1-LMP1 cells that migrated through the bottom of the filter was significantly decreased following pretreatment with fisetin (Fig. 1C) .
Compared with the DMSO control, the number of migrated CNE1-LMP1 cells was decreased 3.1-fold following pretreatment with 50 µM fisetin (Fig. 1D) . These results demonstrated that fisetin significantly inhibited the invasion and migration of CNE1-LMP1 cells. Compared with CNE1-LMP1 cells, CNE1 cells exhibited weaker migration and invasion ability. Fisetin did not affect the invasion ability of CNE1 cells at low concentrations, and only exhibited minor inhibition to the motility of CNE1 cells with a concentration of <50 µM (Fig. 1) . These results suggest that fisetin is more potent in suppressing the invasion and migration of CNE1-LMP1 cells compared with CNE1 cells.
Fesitin reversed EMT of CNE1-LMP1 cells induced by LMP1.
We examined the levels of epithelial and mesenchymal markers in CNE1-LMP1 and CNE1 cells. Western blot analysis and immunofluorescent staining revealed that compared with CNE1 cells, CNE1-LMP1 cells exhibited a weaker expression of the E-cadherin protein and a more marked expression of the vimentin protein (Figs. 2 and 3) . It was demonstrated that LMP1 induced the EMT emergence of CNE1-LMP1 cells, but no EMT occurred in CNE1 cells. Western blot analysis showed that the expression of E-cadherin protein in CNE1-LMP1 cells increased following treatment with fisetin, whereas that of vimentin protein markedly decreased (Fig. 2) . Immunofluorescent staining results also confirmed the marked expression of E-cadherin from cell membranes in addition to the weaker vimentin expression in the cytoplasm of CNE1-LMP1 cells treated with fisetin (Fig. 3) . These results suggest that fisetin may reverse the molecular changes associated with EMT in CNE1-LMP1 cells.
Fesitin suppressed the expression of Twist in CNE1-LMP1 cells. Western blot analysis and immunofluorescent staining demonstrated that CNE1-LMP1 cells constitutively express
Twist, but CNE1 cells exhibit little expression of Twist (Figs. 4 and 5) . As shown by western blot analysis, fisetin dose-dependently inhibited the expression of Twist protein expression in CNE1-LMP1 cells, and the inhibitory effect was distinguished at a concentration of <50 µM (Fig. 4) .
Immunofluorescent staining verified the downregulation of Twist expression in CNE1-LMP1 cells following treatment with fisetin. This was most distinctive following treatment with 50 µM fisetin (Fig. 5) .
Discussion
There is close correlation between NPC and EBV infection, particularly with poorly-and un-differentiated NPC histological types. LMP-1 is an EBV-encoded oncoprotein that may promote the progression of NPC by activating a number of signaling pathways (16) . The well-differentiated NPC cell line CNE1 exhibited no LMP1 expression. However, CNE1-LMP1 cells established from CNE1 transfected with a LMP-1 expression plasmid (17) , exhibited marked expression of LMP1. Increasing evidence has demonstrated that the expression of LMP1 is pivotal in the increased proliferation, migration and invasion of NPC cells (18) . It has been confirmed that EMT is induced by LMP1, which is associated with metastatic NPC. Fisetin has been reported to possess certain anticancer properties. As indicated by this study, fisetin significantly attenuated the cell viability, migration and invasion of CNE1-LMP1 cells, which suggests that fisetin has potential as a therapeutic approach for EBV-positive NPC. LMP1-positive NPC, a carcinoma characterized by its proclivity to invade and metastasise early, has several EMT-like features (19) . This study also verified that LMP1 induced CNE1-LMP1 cells to emerge EMT, but no EMT occurred in LMP1-negative CNE1 cells. LMP1-positive CNE1-LMP1 cells exhibited a marked ability to migrate and invade. Whether the underlying mechanism of fisetin prevents the migration and invasion of EBV-positive NPC associated with EMT is under investigation. In the present study, western blot analysis demonstrated that the level of E-cadherin proteins increased in CNE1-LMP1 cells, whereas the expression of vimentin proteins decreased markedly following treatment with fisetin. Immunofluorescent staining results confirmed these findings. The results indicated that fisetin reversed the molecular changes associated with EMT induced by LMP1 in CNE1-LMP1 cells. The Twist protein is a key inducer of EMT. The expression of Twist protein is involved in the promotion of tumor metastasis and invasion in several types of carcinomas by promoting EMT (12) (13) (14) . A high degree of Twist expression is shown to be correlated with cancer malignancy (24, 25) . In the present study, western blot analysis and immunofluorescent assays Based on the results of this study, it is suggested that fisetin inhibits CNE1-LMP1 cell migration and invasion, the mechanism of which involves the reversal of EMT induced by LMP1 and downregulation of the Twist protein. Although Twist is a key inducer of EMT, whether fisetin reverses EMT by suppressing Twist expression requires confirmation. Other underlying mechanisms of fisetin in the prevention of metastasis are under investigation.
